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(54) A transparent substrate having a function of liquid detection 



(57) Iri a transparent substrate having a function of 
optically detecting liquid without using prisms^ diffrac- 
tion gratings (2 and 3) are formed on the surface of the 
glass (1) at an interior side thereof/ and a ligkVemitting 
element (4) and a light receiving element (5) are posi- 
tioned in the vicinity of the diffraction gratings (2 and 3). 
respectively When water is attached at a total reflection 

Fig- 3 



point oh the suiiace of the glass (1), a Nght propagati 
to thetli'ffra^ctibn'gratirigs (3) is reduced? ari^i^ 
covers the total VefTection' point as'V whole/ jt^^^ 
down to one fiftieth ( 1/50): -Namely/' it* cah'^idetect the 
existence of water on the glass surface with high sensi- 
tivity and reflect in the strength of the ejected light. 
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Description 

The present invention relates to a transparent sub- 
strate having a function of detecting existence otliquicl^ .^ 
such as rain drops, number of such.liquid drops per unit 
of area and amount thereof with high accuracy.^ 

Conventionally, there has been attempted to oper-' ■ 
ate a wiper automatically by detecting rain drops 
attached on a front glass or a window of an automobile, 
and as an example of a transparent substrate of such 
type, there is already known a construction as shown in 
Fig. 8. 

Namely, on a surface of the transparent substrate - ' 
100 of glass plate, etc.. prisms 101--and.!!l02vareT 
adhered, and a light beam emitted- from ^a Jight..S9urc,er. 15 
103 is introduced through the prism 101 into the trans-v^ 
parent substrate 100 with an angel y of rtotg^l^i inter n^^^^^^ 
reflection of the light. Then.^an.incidentiangievis sof^^^ 
that no such total internal reflection occMrs'Jfi^here^is 
existing the liquid such as water on the.surface'of ithe,} 
transparent substrate 100, since the quantity ofMightipf ^ 
the total internal reflection chan^ 
existence of liq^^l^ltie poirit reflec- 
tion on the^ glass'^rface, therefqrelthe existence of liq-' 
uid can be sensed by detecting an amount of the 
change with such a light receiving element 104, etc. 

In JP-A- Sho 60-216245 (1985), there is disclosed- 
a detection method in which the light from the light v 
source is totally reflected by the glass plate * and < is- 
entered into the light receiving element through the 
prism, which is inferior in sensitivity. Therefor the angle 
of the prism is so set that the reflection light from the 
said rain drops enters into the light receiving elements, 
only when they attach on the glass surface. , _ ^ 
Further, in JP-A- Sho 62-163949 (1987). there is' 
disclosed a construction in which twojigh^.^four^^^^ are , 
prepared|iiejnci<^ 



closely stick them on it ., A? - M : .i^ ^ ^ . 

Further, for inhibiting from an unnecessary ^r^eflec- • 
tion in a boundary surface Between the prism and the 
glass surface, the refractive indexes must be adjusted to 
'^pproSc^i to^WcK otRer'as far as possible (i.e.. index 
matching). For that purpose, there can be corisidered 
' that a matching layer be provided, however, it increases 
the number of processing or steps and causies a disad- 
vantage from a view point of cost. , ■^ if.'.^J-^^,. ..v : /.y 
. While the method ^ sifKiwn in 
aoftV in uuhirh the rain droDs attachindvonHheKdlass^ 
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^ ance or the electrostatic capacity, etc:^ is irrf^Tio^^^ 
bnity and sensitivity, in particular, when, af^pl^^ 
frbntigjass of the.automobiljBr^^^ importantl^^^^^ sig- 
nal must follow Visibility of a driver and a fellowj passen- 
ger riding together, in that sense, the. optical x^^^^^ 

pireferable. ■ < 0 D>c 
: Fop dissolving the p^^ mentioned in the 
above, in acciirdance witii the present invention, there ; 
is provided a transparent substrate having a function of 
liquid detection, comprising: 

light generating means for generating a light beam; 
light receiving means for receiving the light beam: 
and 

a transparent substrate, wherein said transparent 
substrate. further comprises: 
a first diffraction grating for introducing the light 
beam generated from said light Igeheratirig means 
into an inside of said transparent sufe^ and for 
refracting or penetratirig tKe introducedlight beam 
at .such an angle that it causes total reflection within 
said transparent substrate; and 
^ a^secorS di#aicAion^ outputting the light 

beam...reflecte{i^.by,,th^ 

transMre^^^^ . 

one of ■which is greater 'ti>an,aci1tjc|!^ ^--i^^ri^'^^^v r^-^ ^-irft ^ IW-i^E^i^k^w V' 

reflection Wthat of thex>therof:whiph;isjje^4ll^ ^MJ/9?3^^9^?WI^??:^^1^M^P^ 

critical angle of the total refledion; theret)y,di«;riminat: 40 emltting dipde) is ^appropriate. Further, as the^ran^ar- ■ 

Ing between the attachment of water.and the others. ent sut^trate, a,.g!.ass^ptete^ .^uch 

Moreover, in JP-A- Hei 8-261974 (1996). there is glass:,9f5T,autorTrobilepj;a 

disclosed a construction in which transparent elec: a building ban be considered, and >t can be a so-caHed 

trodes In shape of a comb teeth are provid^ insid^^f, laminated. glass..ln c^e of thei larninated glass, it is 
the glass plate, detecting a change in 
capacity . between ■ the transparent ? < 

comb te^th shaipe. which is caused "p^ ~~ ^-—'ir-rriia^':^:^'. ■ ~ . ., 

attaching on the glass plate surfai^,^theret^^ntrplli»l^^ the condition of pil- 

opening-closing of the windows ^d^Keatlraeis^in^^ ^ ^ ^ 

therein ' y '- '' 'so'' Farther; the diffra^ipn-gratingsy^^^ 

However, with those haviogftil^ibal^d^^^ 

.. „wA:.i^;iSi^Svii;'.&t,ir« na^ : entSlates..sucK as;the?g!ass.plates. 

i. as a principal struc- 
, which can be made 

^'■'■;%a^^^^^ a pi*'='i o* gutters 

ai^nn^t faf^sill^indow^rt^ and is applied differ- 

^^Slillll^SiP^i^i^^ rh^n us,.of the diffraction 
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grating is for spectrum separation, however, in case that 
it is used with a monochromatic light source, it can be 
used for dividing or bending the light by the refraction 
effect of light. 

Further, as the diffraction grating, others than that 
mentioned in the above also can be applied, such as a 
diffraction grating of reflection type, a diffraction grating 
in a slit shape, and a diffraction grating, the refraction 
index of which changes periodically.- ^ * 

An ^ect that is used in the present invention is in a 
phenomenon "that the diffraction lights appear on "the 
basis of a predeterrhinied rule in the case that the rhon- 
ochromatic light- Is incident on the diffraction grating. 
The primary or 1st order diffraction light appears at a 
predetermined angle with respect to the incident light, 
as shown In Fig- 1. Also diffraction lights of higher 
orders appear, but they are small in quantity eof light, 
therefore the primary diffraction light is mainly. used: • 

When'the Incident light penetrates, an angular rela- 
tionship established between the incident light and the 
diffraction light is expressed by the following equation. 
Namely, assuming ^^t^^ the angle of the incident light Is 
Go, the angle ofM-th ordero; a w^ length of the Inci- 
dent light X, the pitch of gutters d. the refraction irdex at 
an ejection side n, the refraction index of medium at the 
incident side ho, then, the angle can be determined as 
follows: 

n • sin e - nQ - sin Gq = mA,/d (m=0, ±1, ±2, ...) (1) 

In case that the medium at the incident side is air 
and that at the ejection side the transparent plate, no is 
1.0 (no = 1.0). therefore, the angle of light penetrating 
through the transparent plate can be adjusted by chang- 
ing the angle of. light incident on the diffraction grating. 

As mentioned In the above, by using the diffraction 
grating, it is possible to introduce the lightinto the trans- - 
parent plate at an arbitrary angle.^ Further, by selecting 
the incident angle onto the diffraction grating appropri- 
ately, it is also possible to set such that the introduced 
light causes the total reflection within the transparent 
plate. 

Further, it is also possible to let the light penetrating 
through the transparent plate by the total reflection eject 
from the transparent plate into the air- on the same prln- • 

Ciple. 

Here, a general manufacturing method of the dif- 
fraction grating will be described. The diffraction grating 
which has been Known conventionally is obtained by a 
transcription of a master disc onto an epoxy resin 
painted or pasted on the surface of the transparent 
plate, such,as the;,g|ass,^which disc is manufactured by 
precisely cutting Yhe^gutt^ a soft metal, such as alu- 
minum. .5v:/^>^*^:<Kv#{ ^ , 

Alternately;- the minute or microscopic gutters can 
be realized by making vexpbsure with an interference 
between two light beams on light sensitive resin painted 
on the transparent plate, such as the glass, to be etched , 
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on the exposed or non-exposed portions. 

The diffraction grating made by such the manufac- 
turing method as mentioned in the above can be applied 
to the present invention, however, it Is questionable to 
5 apply the diffraction grating made by the trariscription 
on the epoxy resin or the diffraction grating formed on 
the light sensitive resin to the use in which weather 
resistance, or durability and mechanical strength, are : 
required. = Furthermore, when trying .toj^j^ 
window glass ofslarge size and the^i^^hieli g 
application of such the transcription technc^^^^ 
■ exposure technology- as :,rnemioned'in|^ 
cause a difficulty and is not appropriate noriacie^^^ 
from a practical view point. \ ft^v^ , n . 

15 Therefore, in accordance with the present inven- 
tion, there is also provided a technology for forming th^ 
diffraction grating directly on the transparent substrate,;, 
such as the ivglass ;:plate,.^ etc. , with - a, manufacturing^ 
method using a laser. Namely, it is possibje to nianufac-, 
20 ture the diffraction grating by using of the ablation phe- 
nomenon under which the glass surface is partially 
evaporated with the laser beam. 

The ablation phenomenon is a phenomenon which 
is caused'in the glass absorbing the laser beam energy. 
25 The glass substrate is made containing the silver in the 
form of Ag atom, Ag colloid or Ag ion until a predeter- 
mined depth from the surface thereof, and further it has 
the surface to be processed with the laser beam at 
which the density of the silver is highest, as well as a 
30 slope in the silver density gradually decreasing down to 
the predetermined rdepth.- Then, the ablation , occurs 
from the surface layer toward Inside in succession, 
therefore, hardly causing breaks, cracks or fragments 
therein. 

For intrpducing the silver , onto the surface ,pf the > : 
glass substrate, there are^ollpvying meth^ ; ■ - 
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(1) A method, in which the glas^JsUt^stra^^ 
ing^rnonovalent alkaline ion 1her^ein|i^ 

molten salt containing Ag ion so as to Achieve an 
ion exchange. 

(2) A method, in which mixture of salt containing sil- 
ver such as silver nitrate and talc or paste-like silver 
powder is painted .on the^ surface of the glass sub- 
strate and then it is heated. ^ ... . . . > . 

AS:the laser;beam mentioned, a Jaser^beam h?-^ 
a periodicity same to the distance. or pitch of th^^ 
of the purpose is used so as tp .form the m-^ 
gutters directlyjpn the, glass surface. 
obtaining a laser beam having a pe*-' 
trit)utlon, as-shown in Fig. 2, th^ <5> 
in which a mask is provider* 
ated on the mask tbrpu'-' 



way in which . the Ja*^ 
and then they^'^ 
again at a ceru 
distribution in thex 



s> : t 
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in Fig. 2(b). 

BRIEF DESCRIPTION OF THE DRAVVINGS 

Fig. 1 explains a function of a diffraction grating; 
Figs. 2 (a) and (b) show an example of a manufac- 
turing method of the diffraction grating: 
Fig. 3 (a) and (b) show a perspective view of a front 
pbi-tion of ah- automobile to "which' a^trsinsparent , 
substfate'in 'dc'cbVdance 'with the presertt invention ' 
is'^'ajpplied;- ^ ' • v'-: ' ■ r^r- i^.- 

Fig; 4''(a)-and (b) shovv'an arrangementvbfva light > 
emitting nieans and a light receiving means; - 
Fig, 5 shows an another embodiment in the same 
manner as in Fig. 4; 

Fig. 6 shows a further another embodiment in the 
same mahner-as inFig. 4;^ 
Fig. 7 'Shows a further'another embodiment in the 
same manhef as in Fig. 4; and -' > 
Fig, 8 shows a construction of an example of the 
conventional art" V ^ ' , ^ ^ ^. ' 

Hereinafter/ detailed explanation of the embodi- 
ments according to the present irivention and compari^ 
sons will be given by referring to the attached drawings. 

(Embodiment 1) 

Fig. 3 (a) and (b) show a perspective view of a front 
portion of an automobile to which is applied a transpar- 
ent substrate relating to the present invention, and Fig. 

4 (a) and (b) show an example of arrangement or posi- 
tioning of a light emitting means and a light receiving 
means, wherein diffraction gratings 2 and 3 are formed 
on an interior side surface of a front glass 1, and the 
light emitting elemeht 4 and the light deceiving element 

5 are positioned in the vicinity of the diffraction gratings 
2and'3; riBspfeictively. ^ ^ i.-'^nt^t: ^ 

The pcfeitibns of diffraction gratings 2 and 3 may be 
near by a pillar as shown in Fig. 3 (a) or on the hidden 
side of the rear view mirror as shown in Fig. 3 (b), also 
diffraction gratings 2 and 3 are directly formed in a front 
glass 1 as shown in Fig. 4 (a) or formed in a sheet plas- 
tic plate or glass plate la and adhered onto the front 
glass 1 as shown in Fig, 4 (b). ;f a • ■ :* 

As the front glass mentioned used a soda 

hme ^iass'^subsi^^^ Has SiOa for fe' maihlngredi- 

ent iri'geiiferal^^Tliis?^ has a^refractibn ^ 

index of 1\48'and haia thickness of 5 mm. ^ - , , * 
The diffraction'^grating; is formed by^^radiating the • 
5er b'earfiohthe'sUrfaceof th 

, fdr/bbtaning;^^^ laser ^ 

-; th€fjinlTi>pi^ the portions to 

i^^if^i^^th^,"^^ th^ ion^ 

^fmiw^is^u^^^^^ Ihef^nfvethods men- 
ltthe|^jScw^ " ■ " 

[ eichan^ing p^^^ out by the fol-- 

A ^mixture of silver nitrate and sodium 



nitrate at a rate of 50 mol%-50 mol7o is used as the mol- 
ten salt for Ag ion exchange, and the glass substrate is ' 
dipped in it in a reacting vessel or container of quartz 
glass for 30 minutes. The temperature of the molten salt 
5 is kept at 285 °C in an electric furnace, and an atmos- 
phere of reaction is air. With this process, Na* ion dis- 
solves out of the glass surface, while Ag"^ ion contained 
in the salt diffuses inside from the glass surface (i.e., the 
^ ion exchange occurs). Measuring the thickness of, the 
'10 layer in which Ag diffuses by a X-ray micro analyzer, it is 
I 1 0 ^im. 'The glass substrate .manufactured in this man- 
Yv; ner has a good machinability by the laser beam. 

Next; in the process by a laser beam haying a peri- 
odic strength distribution, an interference between two 
15 laser beams which is shown in Fig. 2 (b) is utilized. 

Namely, in the present embodiment, an optical sys- 
tem is so constructed that those two laser beams of 
wave-length 355 nm come across at an incident angle 
20**. In this case, the period of the light strength distribu- 
te tion is 1020 nm. The glass substrate is set in such man- 
ner that one of the surfaces of it is located at the 
overlapped portion of those two laser beams, and the 
ablation occurs on the glass substrate surface by radiat- 
ing the laser beam on it. 
25 A lens in Fig. 2 (b) is used for increasing energy 
density on the surface of the glass substrate, and the 
energy density per a pulse is about 30 J/cm^ when the 
ablation occurs. Measuring the period of the manufac- 
- tured diffraction grating, it nearly coincides with the 
30 period expected. 

For achieving such the arrangement shown in Fig, 
4. two diffraction gratings are made. Further, in the 
present embodiment, since it is so constructed that the 
reflection occurs one time and the diffraction light caus- 
35 ing the total reflection one time goes out from the other 
diffraction grating, those diffraction gratings are manu- 
factured being separated by a distance about 9.7 mni in 
the direction of tiie diffraction. Furthermore, each of tiie 
diffraction gratings has a circle shape and has adiame- 
40 ter of about 5 mm. 

For obtaining the angle at which the total reflection 
occurs on the boundary surface between the air and the 
glass, the following calculation is done by using the 
Sneil's law of reflection. A general equation of the 
45 Sneirs law of reflection is expressed as described below 
by the equation (2). 

Where, an and oq are angles defined with respect 
^ to a. normal line at the boundaryvsurface between a 
material of refraction index n and a material of refracting 
• = 50 index n©. 



nn • sinan = n • sina. 



(2) 



Assuming that the refraction index of the glass is n 
55 = 1 .48 and that of the- air is n© = 1 . since a condition for 
tiie total reflection in the inside of the glass plate js 
90°, then a = 42.5** can be otJtained. Consequentiy, if it. 
is greater- than' the angle, the. total reflection occurs 
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' within the medium of the glass. 

On the other hand, in case that water is adhering or 
attaching on it. the condition for occurring the total 
reflection in the inside of the glass is 64.0**. assuming 
that the refraction index of water is n = 1.33 and calcu- 
lating in the same manner. Consequently, in a range of 
angle from 42.5° to 64.0°. the total reflection occurs in 
the inside of the glass when no water is attached on the 
surface, while it does not occur when the water is 
attached on the surface thereof, i.e., the inside light 
beam goes out through the water. 

For causing such the reflection, the incident angle 
of the diffraction grating is adjusted. The incident angle 
of the diffraction grating is calculated by using the 
above-mentioned equation (1) for making the reflection 
angle in the inside of the glass at 42.5°. When the dif- 
fraction grating is formed on the glass surface with the 
period 1020 nm and a primary (+ 1st) diffraction light 
beam of 633 nm from a He-Ne laser is used, it is calcu- 
lated to be 22°. For making the reflection angle in the 
inside of the glass at 64.0°, from the similar calculation, 
it is apparent that the incident angle of the diffraction 
grating should be 45°. In the present embodiment, first 
of all, the light beam is introduced at an angle 25°. In 
this case, the light beam causing the total reflection 
goes out from the other diffraction grating provided sep- 
arately. 

Further, when the water is adhered or attached at 
the point of the total reflection, the light beam going out- 
side or outputted decreases in the quantity, and in par- 
ticular in the case that the water is attached over the 
total reflection point as a whole, the output light 
decreases down to as small as one-fiftieth (1/50) 
thereof. Namely, it can be seen that it can detect the 
existence of water on the glass surface with high sensi- 
tivity and reflect it in the light beam strength outputted. 
Further, by increasing the incident angle of the diffrac- 
tion grating gradually, a similar phenomenon occurs as 
mentioned in the above. 

However, if the incident angle of the diffraction grat- 
ing comes to be greater than 64°. even if water is 
attached at the total reflection point, no change appears 
in the quantity of light outputted. This corresponds to the 
angle at which the inside total reflection condition does 
not change even if water is attached on the surface of 
the glass plate. 

Figs. 5. 6 and 7 show other embodiments in the 
same manner as in Fig. 4. wherein the light emitting ele- 
ment 4 is positioned at about a center of the glass sub- 
strate 1 and the light receiving elements 5 are in the 
vicinity of the both side thereof, in the embodiment 
shown in Fig. 5, 

Furtherr/in the embodiment shown in Fig. 6. the 
glass substrate 1 is constructed as a laminated glass 
piling a plurality, of glass plates 1a. and the diffraction 
gratings 2 and 3 are provided between those glass 
plates 1a, i.e.. on the surface of a predetermined glass 
plate la, so as not to be injured. 



In the present embodiment, the input and output of 
the light beam is accomplished at a side of one surface 
of the transparent substrate, however, it is also possible 
that the input is done at an edge of the glass and the 

5 light receiving is achieved through the diffraction grat- 
ing, or. that the input is done with the diffraction grating 
and the light receiving with an edge surface of the glass. 

Further, in the embodiment shown in Fig. 7, the 
glass substrate 1 is constructed as a laminated glass 

10 piling a plurality of glass plates 1 a, in the same manner 
of the embodiment as mentioned in Fig. e.' howeyer, the 
diffraction gratings 2 and 3 positioned inside are ;riot a . 
penetration type but a^reflection type. - 

Further, by using the plus and minus primary (± 1st) 

15 diffraction lights generated from the diffraction grating at 
the same time, it is also possible to increase the area for 
detection. Furthermore, by introducing the light which 
has a cross section same to the area of the diffraction 
grating, this also increases the area for the total reflec- 

20 tion so as to increase the sensitivity of measurement. 

Further, in those embodiments, there is disclosed 
an operation of the one element mainly from a view 
point of a principal thereof, however, it is needless to say 
that the sensitivity can be improved as well as measure- 

25 ment of an amount of liquid and a density of rain drops 
per unitary area can be achieved with high accuracy. 
Further, the incident angle changes depending on the 
difference in liquid to be detected and diffraction grat- 
ings manufactured, however,it can be dealt with the 

30 methods disclosed in the present embodiment, vari- 
ously 

Furthermore, the diffraction grating is not only 
formed on the glass in itself, but it also can be formed in 
a sheet shape and adhered on the glass substrate, etc. 

35 As is fully explained in the above, in accordance 
with the present invention, in the transparent substrate 
having a function of detecting attachment ^f;ra^ 
with the change in quantity of the reflected light, the dif- 
fraction grating is used for introducing the light into the 

40 transparent substrate and as a means for changing an 
angle of the light to cause the total reflection within the 
substrate, then such prisms conventionally used can be 
eliminated. 

Therefore, all of such the problems, the stickiness, 
45 the weather. resistance of the adhesive, and the adjust- 
ment in the .refraction indexes; between the prism and 
the adhesive or between the adhesive and the glass, 
which accompany with the conventional arts when the 
prisms are adhered on the glass surface, can be dis- 
50 solved. ' £ 

Further, by using the laser processing in the form- 
ing of the diffraction grating, then the process itself 
becomes easy. Therefore, it is possible to form the dif- 
fraction gratirig directly on a portion of -the glass plate 
55 surface of large size, such as the front glass for use in 
the automobile. 

Moreover, by introducing the silver into the surface 
of glass substrate, the al)!ation phenomenon occurs 
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from the surface layer thereof, thereby improving the 
machinability of the glass substrate. 

Claims 

1. A transparent substrate having a function of liquid 
detection, comprising: 

light generating means (4) for generating a light 
beam; 

light receiving.means (5) for receiving the light 
beam; and 

a transparent substrate (1) , wherein said trans- 
parent substrate further comprises: 
a first diffraction grating (2) for introducing the 
light generated from said light generating 
means (4) into an inside of said transparent 
substrate (1) and for refracting or penetrating 
the introduced light beam at such an angle that 
it causes total reflection within said transparent 
substrate (1); and 

a secpnci diffraction grating (3) for outputting 
the light .beam reflected'by the total reflection 
within said transparent substrate (1) to said 
light receiving means (5). 
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2. A transparent substrate having a function of liquid 
detection as claimed in Claim 1 . wherein said trans- 
parent substrate (1) is a glass substrate, and said 
diffraction gratings (2, 3) are directly formed on said 
glass substrate surface by an ablation phenomenon 
caused by irradiating a laser light. 

3. A transparent substrate having a function of liquid 
detection as claimed in Claim 2. wherein silver is 
contained at a surface side of said glass substrate 
(1). on which said diffraction gratings (2, 3) are 
formed, in a form of Ag atom. Ag colloid or Ag ion, 
and with such a density that it decreases gradually 
until a predetermined depth from the surface of said 
glass substrate (1). 
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A transparent substrate having a function of liquid 
detection as claimed in any of preceding claims, 
wherein each of said diffraction gratings (2, 3) is 45 
directly formed in said transparent substrate (1). 

A transparent substrate having a function of liquid 
detection as claimed in any of preceding claims, 
wherein each of said diffraction gratings (2, 3) is 
formed in a transparent plate and adhered onto one 
side surface of said transparent substrate (1). 



50 



A transparent substrate having a function of liquid 
detection as claimed in any of preceding claims, 
wherein each of said diffraction gratings (2, 3) is 
formed in a sheet and adhered onto one side sur- 
face of said transparent substrate (1). 
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A transparent substrate having a function of liquid 
detection as claimed in any of Claims 1 through 4, • 
wherein said transparent substrate (1) is con- 
structed by piling plural pieces of layers of transpar- 
ent body, and said diffracting gratings (2. 3) are 
provided between the piled transparent body lay- 
ers. 
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Fig. 1 



0th Order Diffraction Light Beam 




Incident Light Beam 
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Fig. 2 





